The focus of this study, is to empirically investigate the nexus between oil price collapse and economic growth in sub-Saharan Africa oil based economies, specifically from Angola, Nigeria and Sudan between January, 2010 and December, 2015, through panel random effects model (REM): Economic growth rate (GDPR) and independent variables: Oil price (OPR), Exchange rate (EXR), Industrial Output (IND) and Terms of Trade (TOT. REM result showed that there is negative link between oil price collapse and the economic growth in the case of Angola, Nigeria and Sudan, which confirmed the nexus between oil price collapse and economic growth. Post estimation tests such as Hausman and Breusch and Pagan Lagrange Multiplier Test were adopted to empirically show the consistency and efficiency of the model. Interestingly, the two key variables (GDPR and OPR) disclose how unprecedented oil price fall disrupts economic growth of the selected economies. Meanwhile, poor institutional quality in the oil sector coupled with poor fiscal measure among others, further expose these economies to unprecedented external shocks that was characterized by skyrocket exchange rate, hence destabilize growth within the period under review. Therefore, the need for a robust fiscal measure is pertinent in order to sustain economic growth.
INTRODUCTION
Issues revolving round oil price collapse in recent times have generated series of debates among the scholars and policy makers. In spite the extensive previous empirical findings, the nexus between economic growth and oil price remain ambiguous. Some of the studies (e.g. Oriakhi & Osaze, 2013; Ebaidalla, 2014; Omojolaibi & Egwaikhide, 2014; Ebele, 2015) emphasize more on a single economy, which is either concentrated on volatility or shocks in oil price in relation to economic growth. However, findings on persistent collapse oil price across sub-sahara African oil producing economies (such as Angola, Nigeria and Sudan) have been generating serious debates from different researchers. Notably, recent experience shows that constant fall in oil price, which represent almost 57% drop from the preceding price (that is from $105 per barrel in 2013 to nearly $47 through mid-November 2014) has continued to generate concerns. It is also, worthy to note that the drop in oil price continue to fall on monthly average Brent crude until 2016 to about 65% below average.
On this note, Husain et al (2015) point out that this drop has zero effects on global economy, while lower oil prices implications are much felt at the country level due to limit pass through syndrome. That is, where real income gains are accrued to the oil companies at the expense of end users which is characterized by weak fiscal response.
Figure 1. Historical Trends of Yearly Oil Price Source: Adapted from BP (2015) and Energy Information Administration
Meanwhile, the persistence squeezing of the world market demand for oil by the developed economies like US, Canada etc. through inventions of hi-tech to reduce fuel consumable vehicle has further plunged oil multinationals into industrial crisis within the sub-Saharan African region which make it difficult for them to build necessary safety net for the host countries where they operate (Thomas Reuters, 2015) . This evidence from the U.S retail market further shows that the aggregate demand has been altered to the extent that the overall world demand fall simultaneously, since the U.S market constitute part of the larger market for oil sales in the global market. 
Source: Adapted from U.S Energy Information Administration, 2016
That is, the invincible hands in the world market that dictates the market price had been altered by the U.S economy through her inventions in alternative source of energy like shale oil which in turn, had led to excess supply of crude oil in the world market and this could be traced as part of the remote cause of oil price collapse in recent years (Jhingan, 2005; Thomas Reuters, 2015) .
It is therefore, pertinent to investigate the recent impact of oil price collapse on the Nigerian and Sudanese economies based on the recent continuous world price crisis that struck the oil market since past months. Angola, Nigeria and Sudan constitute three different small open economy that have no real impact on the world oil price but her economic growth performance largely determine by oil price collapse. Continual fall in oil price disrupts the individual economic growth of the selected sub-Sahara countries as a result of their large dependency on crude oil revenues, which has exposed them to economic instability in the past months (Africa's Pulse, 2015) .
Consequently, the specific objective of this study, is to empirically investigate the nexus between oil price collapse and economic growth based on the fresh experiences from the selected countries (Angola, Nigeria and Sudan) on economic recession, oil exploitation and revenues, which have yet to be extensively explored. Therefore, this research intend to narrow the gap of Sub-Sahara African literature, especially those of Angola, Nigeria and Sudan between 2010 and 2015 using panel data sourced form World Bank data, CBN and CBS Statistical Bulletins. And this would be veritable tool to formulate economic policy in the near future.
This paper is therefore structured into five sections thus; the section one addresses the background and the objective of the study. Section two discusses the literature (conceptual and empirical works). Section three highlights the theoretical framework i.e. model specification for this study is done in this section. Meanwhile, the empirical analysis and discussion of the results are reveal in section four. While, section five comprises the recommendations and conclusion.
LITERATURE REVIEW
The literature on oil price collapse and immediate effects on the economic growth, particularly among the sub-Saharan oil producing economies are quite complex and it has been continuing to draw more concerns in recent times (Oriakhi &Iyoha 2013) . The historical prominent oil price hike of 1973 which was characterised by OPEC embargo on crude oil output brought about excess demand at the world market, had proved to be non-sustainable in the long run due the Islamic revolution that spread across Iran in 1979. And it was later escalated by cold war between Kuwait and Iran during same year. This rendered the OPEC regulation on output control less effective in terms of oil price stability (Pirog, 2004) . Although evidently, oil price rose from $10 per barrel to an unprecedented level of $31 per barrel between 1998 and 2000. However, in 2001, it falls to $18 per barrel before moving (rising) to over $100 in 2013.
Oil price is define as the amount of monetary value attached to refine product from crude oil which is express in dollar exchange rate at the world market. This is to facilitate quick exchange rate among different countries during importations and exportations. The standard world oil price is differ from various domestic oil prices set by different home countries based on the value of their local currency, since it cannot be directly used to transact business at international fronts without being converted to dollar exchange rate. On this note, countries gains and losses from the current oil price woes varies across different economies, since their exchange rate in terms of dollar seem to be differ from one another, especially in sub-Saharan Africa where countries like Angola, Nigeria and Sudan slump to high exchange rate deficits with uncontrollable inflation rate at the domestic markets, which has made slightest fluctuation from the world market to disrupt the rate of economic across these countries growth paths in recent years.
It is pertinent to clearly explain the misconceptions that characterized the interpretations of different conceptual meanings in the word; oil shocks, oil price volatility and oil price collapse. Oil shocks (OPS) are the unprecedented rise or fall in price of oil at a particular period which does not stand the test of time i.e. it is too sudden within a short period of time. Oil price volatility (OPV) seems to be the regular deviance (swinging) of oil prices over a time while oil price collapse (OPC) said to be a special case of fall in price of oil commodity, where the price continue to drop permanently over time (Ebele, 2015) .
Oil price collapse (OPC) is said to be the level of distortions that disrupt the smooth flow of goods and services between the demand and supply across the market, which requires active knowledge of efficient energy policy to reinstate stability (Hannan & Bridwell, 2012) . Thompson reuters, and Bloomberg, Februari, 2016 The above figure shows the trend of market balance within the global oil demand and supply between first quarter of 2013 and the projected third quarter of 2017, it is interesting to note that there is sharp fall in the demand of crude from 93mmbpd in 1Q2014 to about 91mmbpd in 3Q2014, while the supply move in the opposite direction and since then it has sustained this. Although, it was projected by EIA that this market gap would significantly close in the 3Q2016. However, Panopoulou and Pantelidis (2016) opine that poor tools used in predicting (forecasting) the oil price in the previous years has led to the recent unexpected negative oil price that almost brought down real growth per capita in terms of gross domestic product across the globe. The authors argued that random walk models are less sophisticated and inappropriate when compare to regime-switching. The regime-switching models are statistically fit in respect to economic evaluation procedure for oil price projection (forecasts) after considering the deviations that may arise from different markets which are based on the fundamental value. Economic growth is the general increase in output level steadily over time. Economic growth is classified as the quantitative and sustainable rise in the nation's per capita output which is aided by simultaneous expansion in its consumption, trade volume, labour force, and capital (Jhingan, 2003) . However, the driving factors of economic growth in Sub-Saharan Africa are not sustainable, especially factors from oil exporting nations such as Nigeria and Sudan. Exportation of crude oil has been one of the growth drivers in these economies and it has fall short to sustain the gains from windfall on their respective domestic economies in recent years. Hamilton (1983) postulates that distortions in the price of oil affect the macroeconomic variables in an economy in terms of performance. In his findings, it was disclosed that fluctuation in oil prices cause prominent change in the size of the economic growth, using annual data from the US economy between 1949 and 1973. Schubert and Turnovsky (2011) argue differently through the adoption of endogenous growth model, in which they conclude that rise in energy prices has negative impact on the growth performance in the long run. On the other way round, Al-Awadi and Eltony (2001) posit that oil price has a substantial impact on the economic growth. Data were drawn from the Kuwaiti economy between 1984 and 1998, using both VAR and VECM to critically examine whether oil price fluctuations affect growth or not, where the estimated data indicates that there is association between the macroeconomics variables and the oil price indicator. Ebaidalla (2014) empirically investigate the effect fluctuation in oil price on the growth of Sudanese economy between 1999Q4-2009Q4. The finding employed variance decomposition techniques and impulse response functions via unrestricted VAR, in which it was revealed that oil shocks significantly determine macroeconomic growth performance of the Sudanese economy, particularly the inflation and exchange rate indicators. In a related study by Samia (2011) posits that oil prices fluctuations in the international market have mixed blessings on the economic growth in Sudan. Using different data base experiment like bar chat, pie chat on data collated from World Bank and International monetary fund to access the challenges and opportunities on Sudanese economic development. He argues that over-reliance on oil has brought series of uncertainty to the growth path of the domestic economy such as unsustainable oil gains, Dutch Disease' and lack of incentives to drive diversification, especially in reference to recent instability of oil price at international front. Whereas, Oriakhi and Osazee (2013) conducted another findings on the Nigerian economy between 1970 and 2010, using the VAR approach, provides that oil price volatility impact on the real gross domestic product and other macroeconomic variable employed. This, also reveal that oil price influences economic growth indicator through the government expenditure, that is oil price changes dictates the government expenditure which in turn predicts economic growth in the long run. Notably, Ebele (2015) argues that oil price fluctuations has negative impact on the growth of the Nigerian economy, using Engel-Granger co-integration method (technique). Whereas, Omojolaibi (2014) came up with different arguments, using structural VAR approach on the data collected between 1985 and 2010, in which he submitted that shocks due to oil price does not significantly have influence on the Nigerian growth but rather disruption from money supply. Although Almosharaf and Tian (2014) attributed the recent decline in economic growth of Sudan to two underlining factors: internal factors and external factors, using data drawn from Sudan central bureau of statistics in the last thirty years. They argue that internal factors such as excessive mono-economy (over-reliance on oil), weak government policy and separation of the south affect the economic growth process. While, external factors like US economic embargo on several occasions, external debt and global fall in oil price decline the Sudanese economic growth. However, Chuku et al (2011) and Asteriou & Villamizar (2013) opine that dynamism in oil price could only distort economic growth in the short run while there no individual effect between the two variables in the long run.
In so far, it quite glaring that from virtually all previous empirical studies reviewed, none of these works principally concentrated on the effects of oil price collapse on the rate of economic growth from oil based economies, especially from Nigeria and Sudan . Interestingly, the scanty work done related to this research work, largely focus on volatility (fluctuation) and shocks in oil price on a single economy as a case study (e.g. Samia (2011), Oriakhi & Osaze, 2013; Ebaidalla, 2014; Emmanuel, 2015; Moshiri, 2015; Uche et al., 2016) 
METHODOLOGY
Standard growth theory (e.g. Solow) and energy theory i.e. price energy models are employed in the study with slim re-modification from the previous scholars e.g. Ayres (2013), Al-Khouri and Dhade (2014), Emmanuel (2015) and Khuran et al (2015) in order to analyse the original sources of growth with respect to oil price across the selected countries.
The energy growth model expressed output of Y as final stage of production and as a function of labour (L) capital (K) and energy (E) thus;
Therefore the factor inputs of Labour, Capital, and Energy are employed to explain the independent determinants of economic growth (Y).
In view of achieving the objective of this study, it is therefore pertinent to assess the growth rate with respect to its determinants thus;
Where the growth rates are denoted by the hats, s are used as weighting factors and subscripts transmitted to the inputs. Model (2) is well established in the body of literature to express relationship between growth inputs and output, i.e. energy growth (i.e. rise in oil price or revenue), capital formation and improved industrial output expect to grow output positively.
However, it is pertinent to inject other important determinant of growth with an outstanding modification so as to address the rate of distortions caused by the recent oil price collapse on macroeconomic variables performance of Nigeria and Sudan. GDPR= α₀ + α₁ EXR + α₂GCF + α₃ OPR + α₄ TOT + εᵢ (2.2) α₀ = Intercept αᵢ = Coefficient of individual independent variable (where ᵢ= ₁, ₂, ₃, ₄, ₅) εᵢ = Stochastic error term Panel data (random effects) analysis and Granger causality tests are used in the study. Why panel data analysis? According to Baltagi's arguments, panel data analysis takes heterogeneity into account, it allows less collinearity among variables, it also detects and captures effects that cannot be ordinarily observed by pure time series, and it helps to minimize bias error if individual variables are aggregated (Gujarati, 2013) . Therefore, for the benefit of this study, panel models (e.g. random effects model) therefore reducing omitted variable bias and as well help us to establish the direction of causal effects between the variables of interest. Transmission of fixed effects model to random effects model thus: The fixed effects model permits each of the selected countries to have their individualspecific effects i.e. αi intercept which is time-invariant (fixed) and individual country possesses different intercept with similar slope parameters that does not vary over time. That is, GDPR i, t = αi + α₁EXR i, t + α₂ GCF i, t + α₃ OPR i, t + α₄TOT i, t + ε i, t (2.3) =1, 2. t=1, 2…, 72. Where i is ith country employed (cross-sectional observations) while t refer to time period of the variables employed (time series observations).
Model specification

GDPR = f (EXR, GCF
Model 2.3 is transformed to model (2.4) i.e. error component model (ECM) and it is expressed thus; GDPR i, t = β i, t + β₁EXR i, t + β₂GCF i, t + β₃OPR i, t + β₄TOT i, t + ε i, t (2.4)
Interestingly, βit is used to explain the individual country intercept instead of αi which is the case of FEM. The component of βit can as well be specified thus; β i, t = β₁+ vi (2.5) Where vi implies random error with zero mean and a constant variance σV² across country i. Therefore, substituting 2.4 into 2.5, the model becomes;
Where,
vi explains individual country-specific error component across country I (unobserved effects specific across cross-sectional country), while εit is the combination of crosssection error component and time series, i.e. εit means the idiosyncratic term due to it spread across country over time t. Here, it is assumed that both error components ( and εit) are not correlated each other and as well not autocorrelated through both time series and cross-sectional units, that is;
E (viεit) = 0; E (vivj)=0 (i ≠ j) E (εitεis) = E(εijεij)= E(εitεjs)= 0 (i ≠ j; t ≠ s) (2.7)
Therefore is not correlated with any of the regressor in the model. To further estimate the extent at which the economies (i.e. Nigeria and Sudan) response to the recent oil price collapse at different period of time thus: According to Husain et al (2015) .
(
Rn / RS ) = + * ( ) + * ! " . (2.8) Where: R = ratio of GDP measure in growth rate ( Rn = Nigeria's GDPR, Rs = Sudan's GDPR) Oil price= O at period & = Express coefficients elasticity of the regressors = constant (shift) parameters To establish the above arguments certain post estimation techniques are carried out in this study. Hausman test is conducted to test the most appropriate model in terms of consistency and efficiency to the study i.e. which model shows existence of correlation between component error term & idiosyncratic term with any regressor specified in the model. While Breusch and Pagan Lagrange Multiplier Test is used to further verify whether the null hypothesis of no random effects model holds against OLS model, i.e. whether σᵤ² = 0. Under this, chi-square distribution is being followed with 1 degree of freedom (df), this is because single hypothesis that the variance of idiosyncratic term not different from zero (σᵤ² = 0) is being carried out.
The secondary data collected from the International Monetary Fund (IMF) data based (2015), World Bank data based (2015), World Development indicators (2015), U.S. Energy Information Administration (EIA), International Energy Agency (IEA), Worldwide Energy Statistics, index mundi, the global economy and trading economics data are used to estimate all the models specified above.
ESTIMATED RESULTS AND EMPIRICAL ANALYSIS
This section discusses the empirical results estimated from the data collected thus: .6574−0.0809797EXR ,t+7.81e−11GCF ,t− 0.02666PR ,t +1.04 −12TOT ,t +0.368556IND ,t (2.9) (-1. The results show that none of the regressor is statistically significant at any conventional level. Fixed effects model tend to be inconsistent and inefficient for the study due to time invariant of the intercept, with high level of correlation between the common shift parameters (αi) and at least one of the independent variables (EXR,GCF, OPR, TOT, IND). It is therefore pertinent to employ random effect model in the study. GDPRt=.9705057−0.006775EXR ,t+7.791e−11GCF ,t−0.0085798OPR ,t +6.71 −13TOT ,t+0.2047145IND ,t (2.10) (0. It is observed from the random effect model (2.10) that industrial value and gross capital formation have significant impact on the rate of economic growth in Nigeria and Sudan. That is, one percent rise in oil price brings about 20 percent rise in economic growth of the selected countries, all things being equal. Though current exchange rate, oil price and terms of trade regressors seem not be significantly influence the rate of economic growth across the countries under review but oil price indicator with − 0.009 reveal it negative effect on these economies, which fulfill the apriori expectation of this study. This is in connection with poor fiscal measures put in place by the individual apex financial institution of these countries. For example Nigeria's exchange rate rise significantly from #160/ $1 to #480/ $1 between 2010 and 2016 (it is worthy to note that this period serves as the scope of the study) which indicate over 100% increase.
The rho results that accounted for the percent of variation due to individual specific error term stood at 0 (i.e. there is no fraction of variance due Wi in model (2.7).
To empirically establish the justification of the model employed (random model) in the study. It is therefore pertinent to conduct some post estimation test e.g. Hausman test and Breusch and Pagan Lagrange Multiplier (LM) Test.
Hausman test results: $=( Ʀᴇᴍ− ғᴇᴍ)′(%( Ʀᴇᴍ)−%( ғᴇᴍ))( Ʀᴇᴍ− ғᴇᴍ)= 9.15 Prob>chi2 = 0.0274 Where, H= Hausman fe re model, ( Ʀᴇᴍ− ғᴇᴍ) = difference, ′ (% ( Ʀᴇᴍ) -% ( ғᴇᴍ)) = Variance co-variance matrix. This study has found that oil price collapse has negative nexus with economic growth of Nigeria and Sudan, which support the early works of (e.g. Hamdi & Sbia, 2013; Oriakhi & Osazee, 2013; Ebaidalla, 2014; Kuboniwa, 2014 & Ebele, 2015 that oil price has strong link with economic growth. This was achieved through random effects model (REM), and other post estimation tests such as Hausman and Breusch and Pagan Lagrange Multiplier Test which empirically establish the justification of the model employed (random model) in the study.
The empirical estimates reveal how it was difficult for the selected countries to adjust quickly to any form of external shock. The poor safety net put in place in terms fiscal measures among other measures contributed to the recent ugly trend i.e. economic recession witness in Nigeria during the period under review.
CONCLUSIONS AND RECOMMENDATIONS
Conclusions
In so far, empirical investigations have revealed the nexus between oil price collapse and economic growth from sub-Saharan Africa oil based economies, specifically from Angola, Nigeria and Sudan between January, 2010 and December, 2015, through panel random effects model (REM). The panel model showed that there is negative link between oil price collapse and the economic growth in the case of Angola, Nigeria and Sudan. Further empirical results from demand elasticity model reveal that coefficient estimate of oil price conform to the apriori expectation in accordance with theoretical (economic) intuition.
Interestingly, the other estimated regressors such as industrial output and gross capital formation are statistically significant, the key variable of interest, Oil price seem to be less significant but has negative nexus with the rate of economic growth due to oil price collapse, which further disclose that unprecedented oil price fall disrupts economic growth of the selected economies. In addition, this is connected with some other factors such as poor institutional quality, poor fiscal measure among others that further expose these economies to unprecedented external shocks which was characterized by skyrocket exchange rate that destabilize growth within the period under review.
Recommendations
In cause of the in-depth analysis, it has been discovered that poor institutional quality in the oil sector coupled with poor fiscal measure among others, further expose these economies to unprecedented external shocks that was characterized by skyrocket exchange rate, hence destabilize growth within the period under review. Therefore, the need for a robust fiscal measure is pertinent so as to sustain economic growth that is being achieved during oil revenues boom across the selected economies.
Proactive monetary policy should be put in place in order to curtail unprecedented inflation that could skyrocket domestic prices within the economies of the selected countries, as this would curb deficit exchange rate at the international fronts.
